 (Bosshard et al., 2002; Chen et al., 2012; Poulin et al., 2014 
Supplemental Materials and Methods: Mouse Colony
Mouse colony information was tracked and managed using cloud-based mLIMS system (http://mlims.com). All mice are provided Cell-sorb bedding (Fangman Specialties), and ad libitum standard irradiated chow (3980X; Teklad Diets/Harlan Labs) and autoclaved reverse osmosis water.
Environmental Enrichment
EE1: Lifespan EE experiment. Enrichment cages measure 15" X 20" X 29" (L x W x H; Figure 1A ). Lids were cut out to accommodate a standard micro-isolator cage top, secured firmly with epoxy. Window fans were set at the lowest setting to provide ventilation similar to standard ventilated cabinets. EE cages had two standard cages placed inside the larger EE cage for feeding, with two holes drilled to allow mouse entry and exit. Each EE cage had Bio-huts, Mouse Igloo, Tunnels and Huts (Bio-Serv). Additionally, two standard mouse wheels were supplied for activity and sterilized cotton batting for nesting.
All pregnant females were housed in a large cage and allowed to nest and give birth in this environment. All breeding females had a delivery date within 7 days of each other. Great care was taken to avoid microbial variability that is independent of experimental design. Since the microbiome is transmitted from the dam, female C57BL/6J mice were newly purchased from Jackson labs as dams of all animals in the experiment. Further, animals from each genotype were housed together until weaning, then placed within their respective environment, to avoid non-genetic or environmental effects (Moon et al., 2015) . Het mutants) blinded from the health inspector. The same inspector conducted daily inspections to assess animal activity level. Upon daily observation of both NE and EE animals, less active animals were checked for signs of anemia and rigor. This was accomplished by quickly identifying animals that are slower to scatter upon cage opening. Animal strength was determined by how tightly it holds on to a wire top food dispenser. These animals were weighed and checked for anemia by examining the pads of their feet for color, with pale color indicating anemia. Animals with significant weight loss (>25%) or decreased activity or decreased strength and abnormal body posture were termed cachexic and immediately collected. Tumors numbers were tallied, and tumors were measured and weighed. EE2: Short Term EE, mice collected at 4 months of age: Male (4) and female (5) NE mice were housed in standard control cages as in EE1. Female (22) and male (27) enriched mice were housed in Zygone One Cage 2100 Cage with Micro Isolator system and enrichment device (Lab Products). Each cage was 13 7/8" x 19 1/16" x 7 3/4" (L x W x H; Figure 2A ), allowing up to 15 mice per cage. Floor space was kept consistent between experiments by adding a tunnel between two cages and providing rafters for climbing (Figure 2A ). Enrichment items included Bio-huts, mouse igloos and Fast-track wheels, tunnels and huts (Bio-Serv).
Breeding and animal placement into experimental cages was accomplished as described above for EE1. Each genotype was marked by ear punch to allow identification during behavioral observation of videos (Movies S1-S4). Mice were sacrificed at a fixed time point of 4 months of age. Animals were weighed immediately prior to sacrifice. Both small intestine and colon tumors were counted and measured using digital calipers. Distal colon was divided evenly and frozen for RNA collection, or fixed and embedded for immunohistochemistry. Mesenteric adipose and spleen were weighed and collected. Whole blood and serum were collected for blood hematology, chemistries, and other serum measurements. Stool was collected for microbiome analysis. Results from all tests are compiled into Supplemental Table 1 , including numbers of animals (Genotype_N) in each assay/measurement and P values (description in Experimental Procedures; Statistics).
RNA Sequencing, Alignment and Differential Expression
For RNA-Seq, RNA was amplified using Illumina TruSeq Stranded RNA Kit w/ Ribo-Zero Gold, and sequencing was performed on Illumina HiSeq using 50 single-cycle end read. The RNA-Seq reads were aligned to the UCSC mouse reference genome, mm10, using Novoalign V2.08.01. Raw alignments were converted into sorted bam files and fed to DESeq2 for differential expression analysis using a negative binomial distribution (Love et al., 2014) . All analyses were quality controlled and coordinated via USeq, an open-source suite of sequencing tools developed by the University of Utah's Bioinformatics Shared Resource (http://useq.sourceforge.net; (Nix et al., 2008) ).
RNA-Seq Post-Processing Analysis
Qiagen's Ingenuity Pathway Analysis (IPA, QIAGEN Redwood City, www.qiagen.com/ingenuity) was utilized to identify related diseases and functions, canonical pathways, and predicted upstream molecules, causal analysis and network analysis. Prior to IPA analysis, targets with a transformed FDR of greater than or equal to 13 (5% false positive; (Jenkins et al., 2014) ) were analyzed. To further define these lists of significantly upregulated and downregulated genes, we utilized Functional Gene enrichment, which defines functional categories that are over-represented in a list of genes using several databases (Gene Ontology, KEGG, NCBI gene, Interpro, Pfam, SMART, Gene3D, PRINTS, miRBase, GSEA/MsigDB and Wikipathways; (Heinz et al., 2010) ). The functional gene enrichment was performed using a web-based tool (http://analysis3.bxgenomics.com/bxgenomics/tools/homer.php). The P-value for enrichment is calculated assuming the cumulative hypergeometric (Heinz et al., 2010) .
QPCR and Data Analysis
All samples (at least 3 per condition) were tested in triplicate with a negative control consisting of no cDNA template. Primers used are listed in Table S5 . Analysis was performed in ViiA7 Software to automatically set threshold of CT, determine CT, and analyze melt curve. The mean of replicates was exported and the deltaCT was generated by normalizing to the CT for Cfl as a housekeeping gene. DeltadeltaCT was generated by subtracting the mean of deltaCT of control mice for the target measured and then raising 2 to the negative deltadeltaCT to obtain fold change. Results were plotted using the barplot function in ggplot2 in R, and p values were determined in Excel using a 2-tailed heteroscedastic t-test to the deltaCT.
Npy and Npy2r QPCR assays were designed, validated and performed by Bar Harbor Biotechnology, Inc. Briefly, SYBR green assays were performed using a custom StellARray (MIQE sequence available in Table S5 ), and data were analyzed by BHB as previously published (Angus-Hill et al., 2011; Ruggiero et al., 2009 ).
Stool Collection and Preparation
Stool was collected from all mice at time of sacrifice from colon during dissection. Genomic DNA was isolated from control and enriched mouse stool samples using QIAamp DNA Stool Minikit (QIAGEN, 51504) following manufacturer's instructions for stool pathogen detection protocol. DNA purity and concentration were assessed, and samples were diluted in 10 mM Tris, pH 8.5, to give a final concentration of 5 ng/µL. Primers were designed to selectively amplify the V1-V3 bacterial genomic 16S rRNA regions and include adapter sequences compatible with the Nextera XT 96 Index Kit by Illumina. The two primer sequences chosen have been published previously as Bosshard forward and 533 reverse (Table S5 ; (Bosshard et al., 2002; Chen et al., 2012) . Samples were amplified using 2x KAPA HiFi HotStart Ready Mix (KAPA Biosystems, KK2601) with primers at a final working concentration of 1 µM, purified using Agencourt AMPure XP beads (Beckman Coulter Genomics, A63880), and indexed using Nextera XT 96 Index Kit (Illumina, FC-131-1002) . Final samples were re-purified using Agencourt AMPure XP beads (Beckman Coulter Genomics, A63880), resuspended in 10 mM Tris, pH 8.5, and pooled at a final concentration of 4 nM. Sequencing was performed by The University of Utah High Throughput Genomics Core on the Illumina MiSeq system with v3 reagents and dual 300 bp reads.
Microbiome Data Analysis
Sequenced reads were analyzed using Quantitative Insights Into Microbial Ecology (QIIME) tools and MacQIIME software package version 1.9.1 (compiled by Werner Lab, SUNY, http://www.wernerlab.org/software/macqiime/citations). Demultiplexed fastq files from the MiSeq were assembled using the fastq-join method and all unassembled sequences were discarded. Analysis was performed following de-novo OUT picking protocol. Sequences were binned into a single fasta file by sampleID, and sequences with 97% or greater similarity were grouped into Open Taxonomic Units (OTUs) with Uclust . Representative sequences were then aligned against the Greengenes core set (version 13_8) using PyNAST using the default of minimum sequence length of 150 and minimum percent id of 75% (Caporaso et al., 2010a; 
